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The 2008 Nura Mw6.7 earthquake occurred in front of the Trans-Alai Range, central Asia.
We present Interferometric Synthetic Aperture Radar (InSAR) measurements of its
coseismic ground deformation that are available for a major earthquake in the region.
Analysis of the InSAR data shows that the earthquake ruptured a secondary fault of the
Main Pamir Thrust for about 20 km. The fault plane striking N46E and dipping 48SE is
dominated by thrust slip up to 3 m, most of which is confined to the uppermost 2e5 km of
the crust, similar to the nearby 1974 Mw7.0 Markansu earthquake. The elastic model of
interseismic deformation constrained by GPS measurements suggests that the two
earthquakes may have resulted from the failures of two high-angle reverse faults that are
about 10 km apart and rooted in a locked decollement at depths of 5e6 km. The elastic
strain is built up by a freely creeping decollement at about 16 mm/a.
© 2015, Institute of Seismology, China Earthquake Administration, etc. Production and
hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access
article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The Trans-Alai Range and Alai Valley partly define a tec-
tonic block boundary between the Pamir and Tianshan, two ofatural Science Foundatio
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eastewest-trending zone of mountain ranges and
intramontane basins, the active tectonics is characterized by
ongoing northesouth convergence due to northward motion
of the India plate (Fig. 1), with a significant fraction of then of China (41274027, 41274037, 41374030 and 41474097).
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Fig. 1 e Pamir, Tianshan, and surrounding regions on
shaded topography with the locations of the 1974 and 2008
earthquake sequences (solid stars) and focal mechanisms
(beach-balls). Red symbols (Nura) are from the GCMT
catalogue and blue ones (Markansu) from Fan et al. [11].
The pink star with a beach ball for the focal solution shows
the epicenter relocated by the first motions of P-waves
recorded by the local network [12]. Black lines denote active
faults from Li [13] and purple dots show regional seismicity
in 2008e2012 from Sippl [14]. The locations of ALOS and
EnviSAT images for the 2008 earthquake are outlined by
gray rectangles. Green and blue circles show respectively
the seismicity of shallow (<50 km) and intermediate
(>50 km) earthquakes from 1960 to 2008 from the
International Seismological Centre's (ISC) catalog [15].
Dashed green lines denote national boundaries. The lower
left inset shows simplified tectonics in central Asia and
GPS-inferred block motions relative to Eurasia (blue arrows
with numbers insides) from Wang [16]. Red rectangle
outlines the target area. Dashed white lines depict plate
boundaries.
g e o d e s y and g e o d yn am i c s 2 0 1 5 , v o l 6 n o 2 , 9 1e1 0 092plate convergence of about 30 mm/a between India and
Eurasia being absorbed by the subduction of the Eurasian
plate beneath the Pamir Plateau. An array of thrust faults
underlying the Trans-Alai Range and Alai Valley represent
surface manifestations of intense crustal shortening
associated with this intracontinental subduction [2e5]. As
one of the most distinct reverse faults in the zone, the Main
Pamir Thrust (MPT), which emerges along the Alai front
(Fig. 1), displaced fluvial terraces, and uplifted pediments in
the late Quaternary. A minimum Holocene slip rate of about
6 mm/a has been documented on its about 50 km-long
central segment, between 72E and 73E [6]. However, early
geodetic surveys and, more recently, Global Positioning
System (GPS) measurements have shown a higher present-
day rate of 10e15 mm/a (Fig. 1) across the northern edge of
the plateau [7e10], which indicates that a considerableamount of deformation has to be partitioned elsewhere in
the Trans-Alai Range.
Shallow earthquakes in the Pamir have been largely
confined to this localized zone of convergence deformation
(Fig. 1) [14,17,18]. In previous centuries, small to moderate
events prevailed and only two large earthquakes (M > 7)
occurred respectively in 1974 and 1984 on its eastern portion
(east of 73E). On October 5, 2008, the Nura, Kyrgyzstan
earthquake struck the eastern Alai front near the border
with China (Fig. 1); this occurred only 33 years after the
Markansu earthquake in approximately the same area [12].
The moderate Nura earthquake (Mw6.7) was obviously
associated with the MPT, as inferred, for example, from the
U.S. Geological Survey (USGS) report of its epicenter at
74.7E, 39.5N. The fault plane solution of the mainshock
from the Global Centroid Moment Tensor (GCMT) catalogue
indicates a predominant thrust-slip striking N82E and
dipping 53 to the southeast with a focal depth of 12 km.
The distribution of slip from waveform inversion reveals a
compact slip patch of 28 km along the strike by 20 km
downdip from the surface with a maximum slip of 1.2 m [19].
Geodetic measurements of coseismic deformation in the
near-field have been performed to shed insights into the focal
mechanism and slip behavior of recent thrusting earthquakes
in western China [20,21]. In the past few centuries, more than
ten M > 7 earthquakes have occurred in the Pamir and Tian-
shan region [3,22], and geodetic measurements for their
ground deformation have not been possible. Rugged terrain
made impossible ground-based surveys, including the con-
ventional methods of triangulation and trilateration, for
earthquakes occurring much earlier in the past; the terrain
also makes GPS geodesy in this area extremely difficult for
measurements of recent earthquakes. Interferometric Syn-
thetic Aperture Radar (InSAR) imagery with ground deforma-
tion observed from satellites provides an affordable technique
to investigate these inaccessible earthquakes. Unfortunately,
only a few satellite radar images are available for the recent
Mw 6e7 earthquakes that occurred in the Tianshan [23,24].
The 2008 earthquake studied in this paper, with the Japanese
advanced land observing satellite (ALOS) phased array type L-
band synthetic aperture radar (PALSAR) imagery, is the only
one in the region for which the subsurface rupture can be
constrained by geodetic measurements directly above its
epicentral area. In addition, we examined GPS data in the re-
gion [2,8e10] to develop a dislocation model of interseismic
deformation for the MPT. This elastic model, when compared
to the rupture behaviors of recent earthquakes, allows us to
deepen our understanding of the seismicity of major earth-
quakes along the Alai front.2. InSAR analysis and source model for the
Nura earthquake
2.1. SAR data and processing
The NuraMw6.7 earthquake occurred on the northeastern
margin of the Pamir Plateau, which has an average elevation
of 4500 m; much of the epicentral area is covered by high
mountain glaciers. One pair of C-band advanced synthetic
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Agency's Envisat satellite and five pairs of the L-band PALSAR
images acquired by the Japan Aerospace Exploration Agency's
(JAXA) ALOS satellite are available for generating interfero-
grams that have perpendicular baselines smaller than 1 km
and that span a limited temporal interval from 2008 to 2009.
The ASAR images were acquired from descending track 234
(No. E1 in Table 1) and the PALSAR images were acquired from
ascending track 527 (No. A1eA5 in Table 1). The epicentral
area is well centered in these images (Fig. 1). In this study,
we selected only one pair of ASAR images and two pairs of
PALSAR images (No. A2 and A3 in Table 1) to deduce the co-
seismic displacement field. One of the two pairs of PALSAR
images has the shortest perpendicular baseline of 90 m to
reduce the impact of the digital elevation model (DEM) error
[25] and the possibility of spatial decorrelation. The other
has the shortest temporal baseline of 46 days to minimize
the effect of post-seismic deformation.
For InSAR processing, we used the ROI_PAC software [26]
developed by the Jet Propulsion Laboratory to process the
raw SAR images and adopted a 90 m pixel-spacing shuttle
radar topographic mission (SRTM) DEM to remove the
topographic signature from the InSAR phases [27]. The
precise orbit used is released respectively by DORIS and JAXA
for processing C-band and L-band data. Most of the control
parameters for running ROI_PAC are standard by now. For
example, a weighted power spectrum technique was
employed to filter the fringes [28] to generate the wrapped
interferograms with a center scene incidence angle of 34.3
for PALSAR data. The SNAPHU software was used to unwrap
the filtered phase [29]. The unwrapped interferograms were
geocoded to a geographic coordinate system and then
converted to line-of-sight (LOS) displacements. We did not
make special efforts to mitigate tropospheric effects on the
interferograms because water vapor induced errors are quite
small in mountainous regions where the average elevation is
about 4500 m above the sea level [30e32].
A total of three interferograms associated with the Nura
earthquake were constructed (Fig. 2). From the interferogram
derived from the ASAR images (Fig. 2a), the marginally
coseismic signals in the footwall of the epicentral area could
be identified. Even though the image pair has an ideal
perpendicular baseline of 34 m-length, the derived
interferogram from No. E1 (Table 1) is very noisy due to poor
coherence between the two images. This pair of images was
acquired in different seasons with the first one in summer
and the second in winter. As a result, the determination of
surface displacements caused by the Nura earthquake wasTable 1 e SAR image pairs for the 2008 Nura earthquake.
No. Master date Slave date Sp
E1* 2008-05-08 2008-10-30
A1 2008-07-02 2009-02-17
A2* 2008-07-02 2009-08-20
A3* 2008-10-02 2008-11-17
A4 2008-10-02 2009-01-02
A5 2008-07-02 2009-10-05
Note: *Used in this paper.restricted to quite a small part of the interferogram (the
northwestern corner) with a greater uncertainty. In contrast,
the fringes or cycles of the interferometric phase change
caused by the earthquake are distinct, although they are also
partly visible (Fig. 2b and c) in the two interferograms from
the PALSAR image pairs. Obviously, the L-band SAR imagery
are more suitable for determining ground deformation than
the C-band SAR imagery for this mountainous area.
Of all the three interferograms (Fig. 2), the one constructed
from image pair No. A2 exhibited themost complete and clear
signals of the footwall coseismic deformation. This pair of
images should have relatively good coherence resulting from
a very short baseline distance of less than 100 m and the
fact that they were both acquired in summer. The fringes
visible from the interferograms delineate an ear-shaped lobe
with its center corresponding approximately to the
maximum displacement of about 40 cm of subsidence in the
LOS. The fringe pattern is consistent with the focal
mechanism indicating primary thrusting on the plane
striking SWeNE for at least 20 km around the eastern
termination of the Alai Valley. Although the LOS
interferograms clearly show the coseismic deformation in
the footwall, no coseismic deformation in the hanging wall
is unambiguously documented. We suspect that the
coseismic signatures were masked out due to the radar
images' de-correlation in space and time; this is attributed to
the heavy ice cover and high-gradient topographic slopes.
We also used Multiple Aperture Interferometry (MAI) to
map the offsets in the azimuth for a better determination of
the coseismic deformation field [33]. Azimuth offsets from the
MAI yielded only one along-track displacement map from a
pair of PALSAR images (Fig. 2d). Another two (one PALSAR
and one ASAR) were blurred by systematic noisy strips or
noisy signals and are not shown in this paper. The accuracy
of the MAI-derived displacements depends on the coherence
of the images used. The derived azimuth offsets also
suffered from an incomplete coverage over the hanging wall
and a larger uncertainty of 15e20 cm because the associated
image pair had a lower coherence of <0.3 for most of the
epicentral area. Nevertheless, the along-track displacement
map characterizes the complete deformation field that is
geodetically manifest, with a maximum southward
displacement of 0.6 m in the footwall and a 1.2 m northward
displacement in the hanging wall (Fig. 2d inset). In addition,
we can easily identify parts of the surface break that
generally trend at a high angle of 40e45 oblique to the
mapped trace of the MPT. The maximum heave estimated in
the along-track direction amounts approximately to 1 m.an (days) Bperp (m) Track (path)/orbit
175 34 234/descending
230 498.5 527/ascending
414 90.01 527/ascending
46 491.93 527/ascending
92 607.41 527/ascending
460 686.92 527/ascending
Fig. 2 e Surface displacements determined by conventional InSAR and SAR pixel correlation. aed are ASAR interferogram
(No. E1 in Table 1), PALSAR interferograms (No. A2 and A3 in Table 1), and along-track displacement map in the direction
N20W from image pair No. A3. The inset in d shows along-track displacements along profiles outlined by 3 colored straight
lines. The grey shadow is the topography along profile BB′. Dashed lines depict hypothesized surface breaks. For
interferograms, each color cycle from red through blue, green, yellow to red again equals 2.8 cm (ASAR) or 11.8 cm (PALSAR)
of ground displacement away from the satellite.
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We simulated the InSAR coseismic displacement field
assuming it represents surface deformation induced by
dislocation in a homogenous elastic half-space [34]. We
constrained the fault geometry and inverted the slip
distribution from the InSAR data through the following
formula.d ¼ GðmÞs (1)
where d is the ground surface displacement observed by
InSAR and s is the slip vector for a fault plane that is divided
into multiple subfaults. G(m) is the Green function associated
exclusively with the fault geometry parameters. For a given
fault geometry with fixed strike, dip, length, width, depth, and
location of end points, the formula is a linear equation with
g e o d e s y a nd g e o d yn am i c s 2 0 1 5 , v o l 6 n o 2 , 9 1e1 0 0 95slip vectors left out to be resolved in the sense of least-squares
to minimize the misfits between the observed surface dis-
placements and the modeled ones while simultaneously
maintaining smoothness of the slip distribution, i.e.,
minimum

jjGðmÞs djj2 þ b2jjVsjj2

(2)
where jj jj2 is the Euclid norm,7 is the Laplace operator, and b
is the smoothing factor that adjusts the relative weighing of
the smoothness of the fault slip versus the postfit residuals of
the surface displacements.
We used about 8000 InSAR data selected only from the
PALSAR interferogram (No. A2) that contains millions of
samples of ground deformation, ignoring the noisier PALSAR
(No. A3) and ASAR (No. E1) interferograms for the modeling.
Before the subsampling, samples with lower coherence were
also masked out. The data reduction was done using the
Quad-Tree algorithm that samples the interferogram more
densely in high gradient deformed areas close to the surface
rupture so that the data acquired from these areas have a
greater weight in the modeling. The resulting InSAR data are
assumed to be independent and have constant data variances.
We excluded the azimuth offsets from the inversion due to
their uncertainty, which is 3e5 times worse than the LOS
uncertainty.Fig. 3 e Source model constrained by InSAR. a, b and c are observ
A2 in Table 1. Purple dots in b show aftershocks. d presents the
bar. Blue arrows represent slip directions of major slip patches
boxes with the solid lines for updip projection of rupture to theIn themodeling, themodel fault was assumed to emerge at
the surface as a straight linewith a length of 30 km and extend
downward with a width of 14 km to avoid edge effects (Fig. 3).
The center of its surface trail is fixed at the epicenter inferred
from the InSAR interferogram and theMAI displacementmap.
We further divided the model fault into a 30  14 matrix of
1 km  1 km rectangular elements for which a total of 840
slip components were calculated through the bounded least
squares inversion [35].
The strike and dip angle of the fault were two key param-
eters that were adjusted slightly in the modeling [21]. The
optimal values were determined in terms of the lowest root-
mean-squares (RMS) for a global searching that was
performed systematically at a step of 2 in the model space
of N26EeN54E for the strike and 32SEe52 SE for the dip
angle (Fig. 4). The best-fitting solution requires a fault plane
striking N46E and dipping 48 SE. The preferred values are
considerably different from the GCMT solution of a strike of
N66E and dip of 38 SE and approximate to a revised focal
plane solution striking N57E and dipping 43 SE [19].
The smoothing factor is a meta-parameter that dominates
the slip pattern of the source model. We considered a class of
smoothing factors in a range of 0.1e20 km2/m. Usually the
smoothing factor is selected at the inflection point (fored, modeled and residual interferograms for image pair No.
slip distribution of the 2008 earthquake illustrated by color
. Surface projections of fault planes are outlined by dashed
surface.
Fig. 4 e RMS contours in two-dimensional model spaces of
dip versus strike. The red cross indicates the preferred
values.
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roughness versus model misfit (Fig. 5). However, in this case,
we chose a value of b ¼ 10 km2/m for the source model
inversion due to the lack of InSAR data from the hanging
wall. From our tests for slip distribution, the source models
for b > 10 km2/m appear to be more consistent for the slip
pattern.2.3. Results
Fig. 3d displays the distribution of slip based on our
preferred best-fitting model, resulting in a postfit RMS ofFig. 5 e Trade-off curve of weighted-residual sum of
squares versus slip roughness for a range of smooth
factors from 0.1 to 20 km2/m.2e3 cm for the InSAR data. This geodetic source model is
characterized by one main slip patch expanding to an area
of about 10 km  10 km centered at 73.80E, 39.53N. In map
view, this patch may be representative of a secondary fault
of the MPT and branches out from it, connecting at depth
with the Pamir Frontal Thrust (Fig. 3b). The focal mechanism
is dominated by dip-slip (1e3 m) with small strike-slip
components (<0.5 m), similar to the previous fault plane
solutions. All of the slips >2 m are confined roughly to the
upper two-thirds of the model plane at depths shallower
than 6e7 km (Fig. 3d). The peak slip of >3.0 m is found at
3e4 km depth, but is subject to changes in amplitude with
imposed smoothing factors. Regardless of what smoothing
factor is used, our modeling gives invariantly a geodetic
moment of 8.9  1018 Nm (assuming a crust rigidity of
33 GPa) equivalent to an Mw6.6 earthquake, which is slightly
less than the GCMT estimation.
The main features inferred from the analysis of the InSAR
data are consistent with that of the seismological model [19].
Slips >1 m in the geodetic model are restricted to a relatively
small area compared to the seismological model. The latter
requires slips to extend downdip to 10 km. Furthermore, the
geodetic model shows a secondary slip patch of 5 km  5 km
at 73.91E, 39.62N, which is equivalent to a subevent of
Mw6.1 with a peak value of about 1.5 m (Fig. 3d). This slip
patch is closer to the relocated epicenter at 73.90E, 39.51N
determined by waveform inversions that incorporated
recordings from the local network [12]. If this relocation
were right, the Nura earthquake would be characterized by a
unilateral rupture that propagated southwestward with
enhanced slip as illustrated by our model. Given that this
secondary feature lies just 3e4 km away from the primary
one to its northeast, they would be merged into a single slip
patch once a stronger smoothing is imposed.3. Elastic dislocation model of interseismic
deformation
In order to analyze the slip behavior of earthquakes in 1974
and 2008, and assess earthquake potentials along the eastern
Alai front, we constructed a two-dimensional dislocation
model for the elastic strain buildup. The dislocation model is
constrained by 18 GPS sites within a nearly north-south ori-
ented band (Fig. 6). All GPS sites in the Pamir (south of N39)
show roughly northward movements of 20e24 mm/a
relative to stable Eurasia, whereas motion rates are about
6e10 mm/a for the Tianshan. An abrupt drop of about
10 mm/a in velocity occurs within a distance of just
50e60 km across the Trans-Alai Range (Fig. 7b).
In a simplified earthquake cycle model, elastic strain is
built up by a freely-creeping dislocation along the Pamir
decollement, which starts approximately beneath the Trans-
Alai Range and extends from its updip downwards to the
south (Fig. 7a). To the north, the decollement is fully locked in
interseismic periods with its northward extension stretching
out sub-horizontally at the base of the Alai Valley [5]. The
interseismic deformation is localized above the Pamir
decollement while the Eurasian lithosphere is subducted
below. The accumulated strain is presumably released by
Fig. 6 e Interseismic deformation manifested geodetically
across the Trans-Alai Range. GPS vectors with 95%
confident level (white arrows with ellipses on tips) from
Yang [8], Zubovich [9] and Ischuk [10]. Orange vectors
within dashed orange rectangle are used to constrain
elastic dislocation shown in Fig. 7a.
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decollement or on southerly-dipping reverse faults, such as
the MPT, that are soled into it. In general, this calls for a
fault geometry of ramp-and-decollement structure similar to
that proposed for analyzing earthquake cycles in the Nepal
Himalaya and Taiwan Central Range [36,37].
Our estimation of the geometry of the decollement and its
creeping rate involves a two-step calculation. First, we fixed, a
priori, the surface projection of the creeping tip (locking line),
which should correspond to themaximumgradient in the GPS
horizontal velocities so as to be anti-symmetric about it for a
gently-dipping (<15) decollement [38]. By trial-and-error
adjustments, the geometry of the locking line was finally
fixed at 39.425N, paralleling roughly the southern slope of
the Trans-Alai Range. Second, the parameters and 1s
uncertainties were solved by a grid search of model spaces
(Fig. 7cee). The optimal geometry and slip rate were
determined with respect to minimizing the misfits to the
GPS velocities normalized by their scaled uncertainties
(Fig. 7b). The best-fitting model requires a nearly horizontal
decollement dipping southwards at 6 ± 4 which is aseismic
creeping at a rate of 15.7 ± 1.2 mm/a at a depth of 6 ± 4 km
beneath the southern flank of the Trans-Alai Range(Fig. 7a,b). The principal feature of the elastic model is a
shallowly buried decollement with high-rate creeping,
similar to the thin-skinned tectonics under the Taiwan
orogeny [39].4. Discussions and conclusions
The InSAR inversion for a refined source model shows that
the Nura earthquake is characterized by very shallow
thrusting. This slip behavior is, to some extent, similar to that
of the Markansu earthquake, with its focal depth estimated to
be from as shallow as 2e5 km [11,17] to as deep as 23 km [40].
Usually, large crustal earthquakes nucleate at seismogenic
depths of 10e20 km [41]. With a deep source, the Markansu
earthquake may have ruptured the lower part of the locked
decollement that emerges at the surface as the MPT, and the
Nura earthquake may have ruptured its shallower part.
These rupture processes may be no more than depth
segments along a seismogenic fault. Such an interpretation
seems to concur with observations of aftershocks (Fig. 7a) of
the Nura earthquake [14], which suggest an unruptured
blind fault extending from the downdip limit of the
mainshock down to 15 km depth. However, the seismogenic
layer that is as thin as 6e10 km beneath the Trans-Alai
Range lends less support to any inference about the depth
segmentation of rupture on the MPT. Otherwise, the elastic
model suggests an alternative possibility that the two
earthquakes ruptured respectively two of the imbricated
listric faults that are splayed out from the Pamir
decollement (Fig. 7a).
The elastic model places the Markansu earthquake (north
of 39.425) closer to the Nura earthquake than previous
studies have suggested [17,39]. Such an inference about its
location is consistent with a newly-revised estimation about
its epicenter (39.46N, 73.65E) based on a re-analysis of
regionalmicroseismicity intensities [42]. Given a nucleation at
the base of a 6e10 km-thick seismogenic layer and
propagation upward at a dip angle of 40e50, the Markansu
earthquake should have broken the surface, similar to the
Nura earthquake, leaving surface breaks along the front of
the high range in the northern flank of the Trans-Alai Range
(Fig. 7a).
It is noted that the projection of such a postulated slip onto
the surface does not correspond to anymapped fault along the
eastern Alai front. If no significant surface breaks were found
for the Markansu earthquake there [6], either slip at depth
occurred at a gentle dip (<30), in contrast to a high-angle
updip propagation as suggested by previous fault plane
solutions [11,17], or it was predominantly accommodated by
abundant secondary failures related to surface folds [43].
The latter is supported by the observation of a widely
documented fold growth within the Trans-Alai Range [6].
Although small to moderate earthquakes have prevailed in
recent centuries in the study area, the accumulation of
stresses due to the locking of the Pamir decollement is still
capable of nucleating larger earthquakes with a released
moment, for example, as large as that by the 1949Mw7.6 Khait
earthquake, Tajikistan at thewestern segment of theMPT [44].
However,M > 8 earthquakes, as have occurred at the margins
Fig. 7 e Schematic diagrams summarizing the interseismic deformation across the Trans-Alai Range. a e kinematic model
of the earthquake cycle. The focal mechanisms of the 1974 and 2008 earthquakes are delineated respectively by red and
blue lines with their associated focal mechanisms. The gray and blue lines show the locked and creeping segments of the
Pamir decollement. Regional seismicity in 2008e2012 is donated by purple dots. Dashed white lines represent the surface
projection of the locking line at depth (white square). b e GPS velocities in an elongated belt of 80e90 km in width and
400 km in length with the center at 73.40E and 39.425N (Fig. 6). Solid lines represent surface velocities predicted by the
dislocation model. cee. Misfits of the dislocation models to the northward components of the GPS velocities are plotted in
contours. Red pluses denote the best-fitting model. Shaded regions correspond to 50%, 67%, 95%, and 99.5% confident
regions.
g e o d e s y and g e o d yn am i c s 2 0 1 5 , v o l 6 n o 2 , 9 1e1 0 098of the Tianshan, seem to be less likely to occur in the Trans-
Alai Range. The maximum updip rupture of a large
earthquake is restricted to <20 km from the creeping tip to
the surface trace of the MPT (Fig. 7a) and lateral growth ofslip is impeded more probably by the presence of geometric
irregularities in the MPT [5,6]. The Nura earthquake with its
preferred strike of 40e50, is a remarkable departure from
an overall eastewest-trend of the MPT, highlighting such a
g e o d e s y a nd g e o d yn am i c s 2 0 1 5 , v o l 6 n o 2 , 9 1e1 0 0 99feature along the eastern Alai front. These are all consistent
with the observation that no historic earthquakes with M > 8
have occurred in the region.
A 1974-type large earthquake with an averaged slip of
2e3 m should have a minimum recurrent time of 100e200
years in terms of the geodetic loading rate of about 16 mm/a
[40]. However, the decadal geodetic rate for the Pamir
decollement is much higher than the Holocene rate of
>6 mm/a for the MPT, suggesting that interseismic
deformation is partitioned in northern Pamir by slips on
numerous imbricated faults rather than concentrated on a
single thrust [5,9,13]. If this slip behavior prevails in the
region, the maximum recurrent time for a 2008-type
earthquake should exceed 500 years given its peak slip of
about 3 m, potentially reducing the slip-deficit accumulated
for subsequent greater earthquakes as occurred in the
Wenchuan earthquake in 2008 [21].Acknowledgements
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